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Abstract 
A feedback rnicrop~~c.esso~ has berry built, for the TEVATR,ON. It, I ias een corlstructed t,o h 

he a~pplicable t,o hatlroll colliders in grnerd. It,s inpubs are realtime acderator measUrements, 
da.tn describing the state of the TEV.4TRON; a.ntl ramp tables. The microprocessor software 
includes a finit,e state mxhine. Each date corresponds to a specific TEV.4TRON operation 
a,ntl has a state-specific. TEVATRON model. Transitions between states are initiated by the 
glohal TEVATRON clock. Each state includes a cyclic routine which is called periodidly 
a,nd where all cdculations are performed. The output corrections are inserted onto a. fa.st, 
TEVATH,ON-wide link from whirh t>he power supplies will read the realtime corrrc,tions. We 
also store all of the input tla.ta, aid ont,put corrections in a set of buffers which can ea.sily 
be retrieved for &gnostic a.nalysis. In this pa.per we will describe t.his device aad its me t,o 
control the TEVATR,ON t,unes a,s well a.s ot,her possible applicat,ions. 

Introduction 

In hadron colliders such as t,he FelmiM TEVATR.ON, the I1ER.A r, ring, t,he SSC and the 
LHC, it, well-i fi , 1 .: c e wc wq~wn~~~ 0 operilt,ioxls is neetlctl to take the accelera.tor from an init,ial . . f 
stak, witllout, si~o~ed hean, t,o a, fur al sl,a,te, with st,ored heam and collisions at the inkract,iou 
poink. There are n~ny intermrdia,te d&es (such as accelera,tion), during which xceleratol 
paramrkrs chalgt:. It, is difficult, t,u const,rrlct, it single model of the xcelerator which applies 
during all these dates. Inskxl, :t is convenient to consider each process separately and 
construct models for each St&e. The entire process may be t,hought of as a finite st,atc: 
machine, with each stak corresponding to a different operation and having its own model 
of the accelerat,or. In adtlit,ion, the time scales at which the accelerator parameters change 
vary from state t,o sMe. Cha,nges in accelerator parameters lead to variat,ions in the beam 

parameters such as the tunes, coupling, ant1 chromaticities. If the bea.m parameters a.~ not 
carefully cont,rolletl, l~eun qua.lit,y will tlrt.eriorate. One of t,he principa,l cha.llrngcs of c.ollitler 
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operations is to ma,intain high beam int~ensities a,nd low emittnncrs t.hrough the chain of 
operations from injection t,o collisions. 

The sequence of operations in the TEVATR.ON is illustrat,ive of t,his pmcess’ (see Fig. 
1). Operations proc~eed through t,he following (simplified) set. of states: 1’ injection, ener- 
gizing rlrct,rosta,tic sep;ua.tors t,o crrat,r different, helical orbit,s for p’s and F’s, F inject,ion, 
accelerat~ion. lat,tice modifications to pmducr low 0”s at the interac.tion regions, and ener- 
gizing atldit~~onal separators to cFeat,e hex-on collisions at the two interaction regions. In 
1~ and fi injection, a closed orbit time bump moves the circulating orbit near an inject,ion 
kicker, and back immediat,ely aft,er illject,ion. Closed orbit changes may be accompanied by 
b&&on t,une and coupling changes caused by the non-linear fields of the bending dipoles 
and sextupoles. Energizing the separators has the same effect. During nccelnra,tion, all the 
ma.gnet,ic element,s xe ramped. Although t,he linear latt,ice is kept constants, the mult,ipoles 
chuge, nffecting the t,unes and coupling. The closed orbit may also vxy. “Squeezing” is t,hc 
term used t,o describe Mtice changes to create small /Y*‘s at the interaction regions. In priw 
ciplel only a rest,ricted set of quadropoles should be needed for this step. However, since t,he 
quxlrupole st,rrngt,hs are not precisely known, t,he exact, settings for the quarlrnpoles ca,nnot, 
always be calculated. The closed orbit, may not, pass through the centers of t,he quadrupoles, 
leading to closed orbit (autl tune and coupling) shifts. If during these states the tunes and 
couplings are not kept, away from hamfnl resonances, emit,tance growth a,nd/or beam loss 
will result. 

Closed orbit, and rp~ad~~upole variations also affect the chromat,icit,i~~s. These effects a,rr 
usually small and do not, pose problems for bean st,ability. However, persistent Current, effects 
in the bending dipoles of supelcontll~lcting xcrlerators ha.ve a. large effect, on the srxtllpole 
moment.. During the l-3 hollr TEVATRON irljrction front porch, the chrorna.ticit~ies cha,uge 
by as much as 70 writs. These changes we ~~~~donr: in the first, seconds of acceleration. If t,h(~, 
chroma,ticltles are tkm low during &se stn,tes, head-ta,il instabilities may develop. If they 
a.~ too large, the chroma,tic t.unr sprea,d may overlap harmM rcsoxmces. 111 b&h ca,ses. 
emit,tancc growt,h and/or beam loss may result. 

In the TEVATR.ON, control of the tunes, couplings, and chromaticit,y has been XCOIII- 
plishrd with open loop control. The currents in the relevant, magnetic circuit,s are specified 
a.t sets of discret,e brenkpoint,s tlurillg each stat.e. Linear interpolat~ion is used between break- 
points. There are several shortcomings to this approach. To have sufficient time resolution, 
the breakpoint,s must be spaced closely iu time. Since the values of the circuits at the break- 
point,s must, be n~ra.suxd f:xI’eliIlrellt;l.lly, drt~errninat,iorl of the tables of values ca,n be a, 
laborious process. The tables are ;Jso not robust a,ga,inst, cha,nges in xcelerat,or condit.ions, 
such as sn~all closed orbit, changes. In additiw, t,he values for t,he tune and c,oupljng circuits 
aw all dependent upon the closed orbit, and if it changes, all entries must be cha.ngetl. The 
brcakpoint,s are 5-10 : ~. wcontls apart,, and ax observes t,une variations of f0.00.5 bet,weeu 
breakpoints. These variations con~umr a.n appreciable frxtion of the TEVATR.ON working 
spac~e of 0.025. 

A realtime feetlhn~ck system co~tld eliminate these problems. R.&able realtime nwaswe- 
ments of beam pa.rameters would be used as the input.s to a microprocessor. The micropro- 

‘G. Dogarl, Partide Acrclerntrrrr Ili, 12 (1W”) 
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cessor contains a ta.ble of desired values for these parameters and a model of the accelerator 
that allows the calculation of the current changes in the circuits to correct an error signal 
(the difference between the table value and the measured value). This system would over- 
come the two limitations of a. breakpoint system. The feedback bandwidth can be large 

enough so that corrections can be applied at 60 Hz or greater, and slow variations in the 
accelerator conditions can be automatically compensated. A feedback system would be used 
in conjunction wit,h the tables noted in the previous paragraph. The table values would be 
set, initially, and feedbxk would m;dte only sma.ll changes to eliminate varia.tions between 
breakpoints and t,o compensate for changes in accelerator conditions. 

The CBA’ syst,em at, the Fermilab TE,VATR,ON was designed and built for these uses. It, 

operates a,s a, finit,e st,n,te mxhine in which ra,ch sta,te c,orresponds t,o a specific TEVATR.ON 
process. Feedback within a st,ate is performed by periodic calls to the state’s data acquisition 
and feedback routines. Each state also includes a set of buffers in which the measurements 
and calculations from the feedback routine a.re st,ored. All data, are avaihxble through the 
Fermilab accelera.tor cont,rol syst,em. We will describe the general features of the micropro- 
cessor sofbwarei? the wa,y in which it, has been incorporated into the TEVATRON cont,rol 
system, and some of the ways in which it, hn,s been used. 

General Fatures of the Feedback System 

The time-sequenced operat,ious in a. h&on collider dictated our choice of a, st,at,e machine 
in which rxh sta,t,r corresponds to a dist:,inct. accelerator operation. The complete secl~<:nce 
of opera,tions for it st,nt,e is as follows: 

1. Receipt of Timing Signal in t,hr Tra,nsit,ion Table This t,riggers a call to the the entry 
routine of t,hr new st,atc. A buffer is allocat,ed from the new St&e’s pool and a. time-of- 
day stamp is filled with t,hr current system date and time. A counter to measure time 
while in the stat.e is also started. 

2. Periodic Calls - The st,ate’s periodic rout.ine is called in a.ccordance wit,h a set of periodic 
rules. The routine cn,lls t,he data acquist~iou antI feetlbxk routine for t,he pa’ticular st,a,te. 

~3. Exit lJpon receipt of a signal indica,ting exit, from the st,ate, t,he exit, root,ine is ca.ilrtl. 
This closes the buffer and zeroes the output to the power supplies. 

The hardware st,andard is the Intel Multibus II3 chassis using the Intel 80386 rnicropro- 
cessor. The processor consists of one Micro Industries 80386 processor card with 8 MBytes 

i CBA is ill, acro,I,yIII for c:ollidi~lg Beam Ai,lart,,a. See R.. Graves, THE GREEK MYTI~S. vol. 2, Viking Penguiu h.., Nrw 
York, New Ycmk; 1955, 1’. 377. 
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of DRAM. We use the MT09 operating system. All software is written in C’. We also note 
that the software system we will describe was originally written and debugged on a Vj4X 
computer, and also runs on VME systems. 

The heart of the finite state machine is a set of states with a transition table and a set 
of periodic rules and buffers for each sta,te. These structures are illustrated in Figs 2 and 3. 
The transition table consists of a. list, of allowed transitions between stat,es a,nd the triggel 
which will cause a, given t,ransition. Each sta,te can have transitions into up to 6 other st,ates, 
alt,hough a given trigger signal can occur only once in the t,ransition table for a, state. The 
periodic rules consist of a specification of 8 frequencies and timing signals which will ca,use 
the periodic rout,ine to be called. The frequencies vary from state to state, depending upon 
the ac.celc:rator processes occurring. For instance, during acceleration the persistent, current 
effects are removed rapidly, and a frequency of several Hz is indiated, but during the squeeze 
the qnadrupole circuits change very slowly and a frequency of 1 Hz is sufficient. 

Associated with each st,ate is a. se, o t f buffers. The buffer st,ructurrs consist, of a, spcc,ific.n- 
tion of the number of fields, number of records, number of instances of a, state which ma.y be 
buffered before they are overwritten, time-of-day stamps for each buffer, and the data buffers 
themselves. One buffer is filled for every instance of a state, and after the entire set, has been 
filled, they are overwritten in a, circular manner. The number of buffers for each stat,e ha,s 
beeu chosen to be la.rge enough so t,hat there is no danger of buffers being overwritten before 
they have been archived, if desired. The time-of-day stamp is the clock date and time at 
which the instzmce of t,he st,at,e occurred. It is st,ored in a separate circu1a.r buffer which 
ma.inta.ins the one-to-one correspondence wit,h the data buffers. Each data buffer cons&s of 
fields int,o which the input, d&a, accelerator parameters, and output data may be loaded. A 
new record consisting of d&a. for a,11 t,he fields is xlded to the buffer each time t,he periodic 
routine is called 

The c~omputations for ea.ch st,at,r are perfo~metl in the rnt,ry, exit, and periodic routines. 
The entry rout,iue alloca,tes the next. a,vailable buffer and zeroes the timer which counts time 
since the start of the st,a.te. The exit, rout,ine closes the buffer and zeroes the feedback out,put,. 
The periodic routine consists of routines tha,t rea.d the beam and accelerator parameters, such 
a,s the bet&ran t,unrs auc 1 be11&11g 1JUS current. It also accesses the t,ahles of desired values 
for beam quantibies as a function of time since entry into t,he state. The desired values and 
measured values are input,s to the feedback routine, which calculates an error signal. The 
accrlera~tor model is t,hen used t,o calculate the feedback cllrrent required t,o uull the error 
signal. These corrections a.re output, in real t,ime t,o the power supplies and are st,ored, along 
with the input data and wha.trvrr calculations are desired, in the buffer being used for the 
pa,rticulx instance of the stat,e. 

We have also provided a. fa,cility to perform digita,l filtering on the input, measurements. 
A task or set of tasks runs continuously and reads the beam parameters. Currently we have 
implenxated only an instantaneous va,lue (no filt,ering) a,nd simple averaging over a spec,ified 
interval with input, values more t,han 25% away from t,he current avera,ge value disca.rdrd. 
Both t,he frequency of averaging and tolerance are parameters and are chosen to rna,tch 

4 MTOS is ,a tn+demnrL cd Irdust~iai Programming. hr. 
5 D. Hem,, Cl. d., Heal-Tima FeP<,IIaCk Contm, ‘,f thr *wnt.rtn lil,,t?S and Cllromaticilies. PrclcY!crlings of the T&f’ EIIW,>CFuI 

P.1rtklr *ccr,eratcrr Ccmfwm~r~, Nit-e. .IIIIIP 12.111. 1wo 
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the baudwidth of the input signal. These filtered measurements are used by the feedbxk 
rout,ines. The xc&r&x parameters are noise-free. A single reading is sufficient,. 

To reduce the effects of input noise on the feedback loop, we use the following algorithm 
to calcula~te corrections: a tolerance is applied to the error signal. For error signals wit,llin I 
tolerance, no correction is a,pplied, and for larger error signals a quant,ized error signal equal 
to ( ( # of tolerance *0.5 )‘toler.ance, depending upon t,he sign of the error signal) is used 
a.s the input to the feedback calcula,tion. 

The TEVATR.ON Implementation 

The feat,ures discussed ill the previous section we desirable in an opera.tional feedback 
syst,em for a hadron collider. In our ilnplenlenta,ion we incorporat,ed t,hem wit,bin t,he exist,ing 
fcat,ures of the TEVATRON control system whenever possible” 

Fig. 4 is a logical diagram of the complete system using feedback control and the open loop 

breakpoint ta,bles, aud Fig. 5 is a s&n&c dia,gram of the syst,em from input mea~surements 
t,o realtime outputs. There are t,hrre input pa.ths. 

Currently, the realtCme accelera.tor mmswements are ma,de using a, set of analog signals 
from t,hr TEVATR.ON tune tra,ckrrs. These a,re a set of phase lock loops which lock to 
a bet&on oscillation in the outputs of a Schottky detector system. Without coupling 
bet,weeu t,hr horizontn,l and vcl-t,ical betatron oscillat,ions, t,he tone t,rackers have a,~ accura,cy 
of +O.OOZ wit,h a 15 Hz ba,ndwidt,l~‘, depending uporl tbr TE,VATRON operating point. The~l 
also show a, modulntiou of up to 0.002 ca~wnd by the stray magnetic fields of the Main R.ing 
which shares a, tunnel wit,h the TEVATRON. The tune t,rackers also provide a status bit 
which irldic,atrs whether the loop successfully “locked” on a signal. We convert these signals 
using R I6 cha.rmrl, 12 bit adc connected to the 80386 processor board through the iSBX 
connector. The tnne t,rackrr signals are averaged as described in the previous section, and 
bot,h the inst,arlt,a,neous and a,vrra.gr va,lues are available through Fermilab ACNE,T co~nol~ 
applications. We also monitor t,he ADC by digit,izing the 15 volt levels in the u&e. If t~bey 
do not, ha,w t,hr proper values, a wa.rning ca,u be t,rnnsmitted to t,he accelerat,or opera,tors. 
Tbr digitized data are filtered as described in the previous section. The input configumtion 
we have rhosrn was tlict,at,ed by t,he siglnls ava,ila,blr, bnt we could ha,vr just, a,s easily used a 
set of Multibus II input regist,ers for (ligit,izetl da,ta, or a Mult,ibus II digit.al signal proc~~ssor 

whose output would be available t,o the 80386 ova the bus. 
The 80386 accesses data. on t,bree TEVATRON-wide data links. TCLK (TeatTon CLOCK)” 

c D. Bogell,. “The FPI-inilal~~ Ac:cdPratcn Ccr,,tr<,, Syste,n”, P : I”< ee< “Lgp ” I ; f I,,P Secmrd ,,ltrrnatio,w, \vork511”p ‘,.I *c<.o,emtot 
Cm,~rol S.yst‘:rna, r4uclwlr Insmmlents an< I M~t110d5, A247 (198(i),,, 133 

‘D. Mart,iu et. al., “A Reronant~ Beam Dekrtcir for TEVATKON Tune Munitoring”, Pmceedings of the ,089 IEEE Par- 
,ic,c Ac<:e,rrat~,,r Cor,ferer,ce, Mm,:,, 211.23, C,,iragcr, IL and J. Fitzgera,d and R. Gonzdez, Tune Trackms for the Fermilab 
TGV.4TRON, P I’ I”TPP< mg, L> ; f the 1091 IEEE Parlick Acc~elerator Confrrence, San Francirm. May GO, 1991 

* D.G. Brechy and Ft.,. Docar. “Time and Data Dislrihticm Systcrna at the F~rmilnb Accclarat~m”, Nuclrar lnstrnr~trr~ts 
and Metlnds ill Physics R.csri,rl,l A247 (,9x6). ,‘. 29, 
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a.nd MDAT (Machine DATa) are t,he links which broadcast the timing information and ac- 
celerator para.met,ers t,hat t,he system requires. Init,iation of states is done t)y broadcasting 
specified clock event,s on the TCLK link. These clock event,s are used in t,hr transition tables. 
The TCLK decoder was specially designed on an SOlRG-based Multibus II card. It provides 
signals to any request,ing module in the crat,e based on the occurrence of a, TCLK event (01 
TCLK event + programmed delay) or a,t a, periodic rate of up to 60 Hz. MDAT is received 
and transmitted on another car d. MDAT transmissions consists of ident,ific:rs for the various 

para,met,ers broadcast on the link, followed by the instantaneous value. It, is updated at, 720 
Hz. For our concerns, the most important parameter is the TEVATRON bend bus current. 
The currents in all of the correct,ion dipoles, quadrupoles, and sextupoles are scaled by this 
current. We also use the MDAT link to broa,dcast the feedback corrections to the power 
supplies to be controlled. 

Finally, various types of control data must also be input to the system. These are not 
realtime signals, a.ntl they are downloaded over the Fermilab ACNET control syst,eln. The 
parameters controlling the feedback loops for each state (bandwidths, gains, tolerances, a.nd 
on/off switches) are downloa.ded from a dedicated Fermilab ACNET console applicat,ion. 
The same a.pplication also lo& the tables of desired va.lues for t,hr bea,m pa,ramet,ers. 

For t,une control, t,he feedback rout.ine qplies the 2x2 ma,t,rix relating changes in tune 
(the error signal) t,o the currents in the focussing ancl defocusing quadrupole busses. The 
elements of the matrix are determine d from a model of the TEVATRON which predicts the 
rurreut cha.nges uertlr(l t,o prodncr a given t,une change. The instant,aneous values of the 
feedback t,.: ~, 1.1 ,.:.:‘t~l f. cu~len 5 arr a 50 acccw ) c 1om the consoles, The maximum feedback bandwidth 

of t,his system is 60 Hz, but for most uses a frequency of l-15 Hz is sufficient,. The power 
supplies used in t,hr feedbxk have bandwidths of greater than 100 Hz, so we expect, t,hat, the 
currents will come to their new va,lues before another feedback call is ma~de. 

The 80386 processor has two possi ble output paths. R.ealtimr corrections to power sup- 
plies (a,n identifier a.nd the current change to the supply) a,re inserted onto the MDAT link. 
The power supply output, is normally jnst the va,lue (or interpolated value) from the brrak- 
point, t,ablrs described in the Introduct,ion. A power supply controller xcesses MDAT, and 
on decoding its ident~ifirr, it a.dds the MDAT current change to the output taken from its 
internal tables. 

In the other output, path, the data buffers are made available to the ACNET console 
system. We ha.ve developed an application to list, the contents of the buffers. The usc~ 
selects the state a,nd inc,arnn.tion of that st,ate of interest from a menu. He/she then select,s 
the fields to be listed Currently, t,here is no graphics capability. It, will be a,dded if needed. 
Tl were is a, facility to write buffers t,o a hard disk a,nd retrieve t~hern for later a,na,lysis. 

We have conducted srvera.l complrt,t< closed loop tests of the CBA syst.em. During t,hr 
setup for a TEVATR,O?J ~JF stole. we programmed a table of desired values for t,he horizont,al 
t,nne, and a,ctivat,ed the system. The horizonta,l tune wa.s ramped from 20.572 to 20.568 and 
ba,ck. The ve:r.t,ical t,rlnr wa,s held coust,a.nt, at, 20.581, In Fig. 6a we plot the horizontal tune 
trxker signal and t,he ramp being used, a.nd in Fig. 6b we plot the feedback corrections in 
the focusing a,ntl defocussing quadrupole strings. The ramp took 25 seconds to complete, 
and each leg was 4-5 seconds long, so the problem was rea,lly a, stat,ic~ problem and a gain 
of I and feedback lmntlwidth of 0.5 Hz were adequa.te. As can be seen, the: horizontal tunr 
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t,racks t,hr programmed value to within f0.002, and the vertical tune is held constant. 
This first test shows that CBA can regulate according t,o a programmed ramp during 

which only t,he tune circuits are cha,nged. We have also done a test which indicates t,hat, 
CBA can comprnsate effect,s cause d elsewhere in t,he TEVATR,ON. We inbroduced a single 
horizont,al dipole kick of varying magnitudes a,t a, particular lo&ion. In Fig. 7a, we plot, 
t,he horizontal a,nd vert,ica,l tune signals, the current, in t,he dipole creat,ing the kick, a,nrl t.hr: 
position a.t a bea,m position d&e&or. The kick wa,s increased in steps of 0.25 +adians and 
caused a, horizont.al t.~mr shift of flI.00,5 at, it& ma,ximum value. Fig. 71~ is a, repetition of 
this experiment, but, with CBA t,urned on aud wit,h a gain of I and bandwidt,h of 0.75 Hz. 
We used a t,olerance of 0.001. CBA was cleuly able t,o regulate t,he horizont,a.l t,une t,o wit,hin 
t,hr tolerance. 

There a,re many operat,ional uses for this syst,em. It can be used to provide closed loop 
feedback whenever t,here is a set of reliable input signals and a well-understood model for 
t,hr itccrlerat,or. The most. obvious uses are for tune, coupling, and chroma.ticity control. In 
sul)e~~~ontlllct,ing acc.elerators, it ca,n lx used in conjunction with a mitgnetic probe measnring 
t.hc, srxt,upole moment, in t,he dipoles t,o correct; t,he persistent, c,urrent, rffect,s. It, ca,n also be 
11srt1 for opemloop compensation of any c,ffrcts which are reproducible, such a,s t,he ra,pid 
ch;mges in the persist,eut, c.urxnt wxtupole wxncnt, at the st,art of ax&x&on. 

C!B.4 provides an easy wa.y ill which t,o improve the va,lnrs in t,he breakpoint, ta.bles for t.hr 
vuious magnet,ic circrri ts. The brenkpoint~s are all indicated by TCLK events, and they ca,n be 
used t.0 force au entry t,o a. shte’s periodic rout,ine. These ent,ries cim be flagged in t,he bul&rs, 
and one can modify the Ixeakpoiut, t,a.lbles t,o refiect slow drift,s in accelerat,or conditions. 
Beam aborts also appear on TCLK, a.nd a, a. snapshot of beam conditions immediately after 
m abort, an be ma.de. 

A progra,m ha been developed in t,he TEVATRON for ma,king l&ice flmct,ion mea~sure- 
ments by int,roducing (closed orbit, bumps a.ntl measuring t,he position changes at the beiLm 
position monitors. This terhnique relies upon the betat,ron tune not changing as the bump 
is turned on. However, t,he higher order fields in the dipoles can create huge tune shift,s as 
the orbit, changes. CBA will easily hnr~dle these relatively slow changes. The orbit, bump 
described in t,he pwvious section vas takrn as part of t,his program. 
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Conclusions 

We have built a general purpose microprocessor based feedback system which has been 
tailored to fit the finite st,ate beha,vior of hadron collider operation. The system will work 
with any reliable realtime inputs and will provide feedback at up to GO Hz. Each state has it,‘s 
own feedback rout,ines which cant&s a model of t,ha,t pxticulnr accelera,tor stat,e. We have 
provided a buffer system which matches the states of the state machine and which cont,ain 
all information describing the opera.tion of the feedback loop. Closed loop corrections to the 
power supplies can bt: output, on any accelerat,or-wide link. This syst.ern ha been t,&ed and 
shown to work in circumstances whic,h are useful to accelerator operations. 
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Figure 1. The sequence of operations involve !d 
in TEVATRON collider running. 
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Figure 2. State structures for a CBA state. 



Number of instances 

Number of records 

Number of fields 
t 

Circular buffer pointer b Time of day “1 Data buffer *r I 

Time of day O2 Data buffer *2 

Time of day *3 Data buffer *3 

Tjme of day “4 Data buffer ‘4 

Time of day “5 Data buffer ‘5 

Figure 3. Buffer structures for one state with a 
circular buffer 5 deep. 



r--.----------------l 

I TEVATRON open loop control I 

I Breakpoint tabie I 
(from ACNET) 

I I 

I I 
I 

I 
+ 

I 

I I 

I Power 
Power I 

A 1) 
supply _I_) Magnets 7 

controller SUPPlY 
I 

L--------_---------I 

CBA 

Beam Desired values 
measurements (from ACNET) 

Figure 4. Schematic of the complete CBA closed loop System. 
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Figure 5. Complete CBA implementation. 
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